Introduction {#s0005}
============

Lung cancer is the leading cause of cancer-related deaths. About 85% of lung cancer is non--small cell lung cancer (NSCLC) [@bb0005]. About 80% of patients with NSCLC in the United States present with disease that is inoperable owing to local advancement or distant metastase [@bb0010]. The use of radiotherapy improves the outcome of locally advanced NSCLC, but the prognosis is still poor due to high rates of recurrence and distant metastasis. Another reason is that treatment-induced toxicities limit the dose escalation. For patients with locally advanced NSCLC, radiation-induced lung toxicity (radiation pneumonitis, RP) defines the therapeutic ratio and can also complicate the quality of life for survivors. Therefore, potentially predictive markers are needed to tailor the personalized treatment and lower the risk of treatment-induced toxicities.

MUC5B, a high-molecular glycoprotein secreted by the bronchial glands, is required for mucociliary clearance for controlling infection and maintaining the immune homeostasis in the lungs [@bb0015]. Genetic variants of MUC5B are related to various lung diseases [@bb0020], [@bb0025]. Especially a promoter variant in MUC5B, rs35705950, showed strong associations with the incidence of idiopathic pulmonary fibrosis (IPF), increased MUC5B expression, and the survival of patients with IPF [@bb0020], [@bb0030]. Association between genotypes of MUC5B rs35705950 and the risk of IPF has been widely validated in the Chinese population [@bb0035], Japanese population, German population [@bb0040], and Mexican population [@bb0045].

IPF and RP have the similar pathologic process, including persistent injuries to type II alveolar epithelial, infiltration of inflammation cells, chronic inflammation, deposition of collagen, and formation of lung fibrosis [@bb0050], [@bb0055]. Furthermore, IPF and RP also possess similar clinical symptoms, including a dry cough, shortness of breath, and chest tightness. Genotypes of MUC5B rs35705950 were significantly associated with increased risk of IPF and improved survival among patients with IPF [@bb0030]. However, the roles of MUC5B rs35705950 in NSCLC remain unclear. As far as we know, no studies have investigated the potential associations between the promoter variant of MUC5B and the incidence of RP or the survival rate in patients with NSCLC receiving definitive radiotherapy.

To address these gaps, *MUC5B* rs35705950 was genotyped in patients with NSCLC receiving definitive radiotherapy (total dose ≥ 60Gy). Our hypothesis was that genotypes of *MUC5B* rs35705950 were associated with the incidence of RP and overall survival (OS) in the studied population.

Patients and Methods {#s0010}
====================

Study Population {#s0015}
----------------

This retrospective analysis was approved by the institutional review board of The University of Texas MD Anderson Cancer Center, and we complied with all applicable Health Insurance Portability and Accountability Act regulations. We searched an institutional database to identify patients who had received definitive radiotherapy for NSCLC at MD Anderson from 1999 through 2014 who had 1) histologically confirmed NSCLC; 2) received a total radiation dose of ≥60 Gy \[or ≥60 Gy (RBE) for proton therapy\]; 3) available computed tomography or positron emission tomography scans obtained within 1 year of completing radiotherapy, to be used for detecting and scoring RP; and 4) available archived blood samples for genotyping. Patients who had received stereotactic ablative radiotherapy were excluded. A total of 664 patients met these criteria and were the subjects of this analysis. The concurrent chemotherapy regimen was carboplatin and paclitaxel weekly during the radiotherapy.

RP was assessed at each follow-up visit after the completion of radiotherapy and graded according to the National Cancer Institute\'s Common Terminology Criteria for Adverse Events version 3.0. Follow-up visits took place within the first 1 to 3 months after radiotherapy and then every 3 months after that for 2 years; those visits included interval history and physical examinations and imaging studies.

Genotyping Methods {#s0020}
------------------

Genomic DNA was extracted from the buffy coat fraction of blood samples using a blood DNA mini kit (Qiagen, Inc.) according to the manufacturer\'s instructions. Spectrophotometric absorbance determined the purity and concentration of the DNA at 260 and 280 nm. The original extracted genomic DNA was diluted into 5-ng/μl aliquots for genotyping with Taqman real-time polymerase chain reaction. Primers and probes were from Applied Biosystems. Amplification was done under the following conditions: 50°C for 2 minutes, 95°C for 10 minutes, 40 cycles of 95°C for 15 seconds, and 60°C for 1 minute. For all genotypes, the assay success rate was \>95%, and concordance of repeated sample testing was 100%.

Statistical Analyses {#s0025}
--------------------

Potential associations between RP risk and genotypes were assessed with a Cox proportional hazard model, with consideration of time to the event. Propensity score was estimated via SPSS 22 and used for the adjustment of the confounders in the multivariate cox regression. Kaplan-Meier analysis was used to assess the effect of different genotypes on the cumulative probability of RP. All of these analyses were done with SPSS 22. All tests were two-sided, and differences were considered significant at *P* \< .05.

Results {#s0030}
=======

Patient Characteristics {#s0035}
-----------------------

Characteristics of the study population are shown in [Table 1](#t0005){ref-type="table"}. The median age of the patients was 66 years (range 35-88 years), and most (488 \[73.2%\]) had stage III NSCLC. The median gross tumor volume (GTV) was 94.8 cm3 (range 1.5-1271.5 cm^3^), the median radiation dose was 69 Gy (range 60-87.5 Gy), and the median mean lung dose (MLD) was 17.9 Gy (range 0.15-32.741 Gy). Radiation was delivered as proton beam therapy to 139 patients (20.8%), as intensity-modulated (photon) radiotherapy to 331 (49.6%), and as three-dimensional conformal radiotherapy to 174 (26.1%). Besides, 242 patients (36.3%) received induction chemotherapy, and 560 patients (84.0%) received concurrent chemotherapy. In our study, the frequency of the rare allele TT genotypes was only 2%.

Association between *MUC5B* rs35705950 and the Incidence of RP {#s0040}
--------------------------------------------------------------

Propensity score analysis was used for the adjustment of confounders in the multivariate analysis. Similar to other studies, MLD was strongly associated with the incidence of RP ≥ grade 2 in the patients receiving definitive radiotherapy in both univariate (hazard ratio \[HR\] 2.08, 95% confidence interval \[CI\] 1.601-2.703, *P* = .001) and multivariate analyses (HR 1.883, 95% CI 1.402-2.528, *P* \< .001). However, the analysis presented in [Table 2](#t0010){ref-type="table"} did not show statistically significant associations between genotypes of *MUC5B* rs35705950 and incidence of RP ≥ grade 2 either in univariate analysis (HR 1.009, 95% CI 0.728-1.399, *P* = .958) or in multivariate analysis (HR 0.921, 95% CI 0.645-1.315, *P* = .65), nor was a significant association shown in the K-M analysis ([Figure 1](#f0005){ref-type="fig"}*A*, *P* = .94). Potential associations between the incidence of severe RP (≥grade 3) and MUC5B rs35705950 were analyzed. Similar to the results for RP ≥ grade 2, the results of analysis presented in [Table 3](#t0015){ref-type="table"} and [Figure 1](#f0005){ref-type="fig"}*B* did not show statistically significant associations between genotypes of MUC5B rs35705950 and incidence of RP ≥ grade 3 either in univariate analysis (HR 1.009, 95% CI 0.728-1.399, *P* = .958) or in multivariate analysis (HR 1.614, 95% CI 0.92-2.831, *P* = .095). No statistically significant difference was shown in the K-M analysis ([Figure 1](#f0005){ref-type="fig"}*B*, *P* = .195).

Association between MUC5B rs35705950 and OS in the Studied Population {#s0045}
---------------------------------------------------------------------

As shown in [Table 4](#t0020){ref-type="table"}, concurrent chemotherapy was obviously associated with improved OS in the studied population in univariate analysis (HR 0.702, 95% CI 0.541-0.911, *P* = .008), whereas GTV was significantly associated with poor OS in both univariate analysis (HR 1.776, 95% CI 1.474-2.169, *P* \< .001) and multivariate analysis (HR 1.633, 95% CI 1.323-2.016, *P* \< .001). Analysis in [Table 4](#t0020){ref-type="table"} suggests that compared to genotypes GG, TT/GT genotypes in MUC5B were associated with poor OS in both univariate analysis (HR 1.287, 95% CI 1.009-1.640, *P* = .042) and multivariate analysis (HR 1.561, 95% CI 1.193-2.042, *P* = .001). The K-M analysis also showed similar results ([Figure 1](#f0005){ref-type="fig"}*C*, *P* = .041).

Discussion {#s0050}
==========

Our study suggests that the pulmonary fibrosis--associated MUC5B promoter polymorphism did not influence the incidence of RP but was statistically significantly associated with OS among patients receiving definitive radiotherapy for NSCLC.

RP and IPF have similar pathogenic changes and are both with final formation of pulmonary fibrosis. Common mechanisms underlying pulmonary fibrosis are the wound-healing responses, including injury, inflammation, and repair. Chronic inflammation could lead to an imbalance in the production of chemokines, cytokines, and growth factors, and disrupt cellular recruitment. These changes, coupled with excessive profibrotic factors, could turn a well-controlled healing response into a pathogenic fibrotic response [@bb0060]. Different from the previous findings in patients with IPF [@bb0020], [@bb0065], our study did not show significant associations between the MUC5B promoter polymorphism and the incidence of RP in patients with NSCLC. Similar to our results, the MUC5B promoter polymorphism was not associated with the incidence of interstitial pneumonia among patients with systemic sclerosis [@bb0070]. RP mainly develops in patients with thoracic cancer receiving high-dose thoracic radiotherapy, whereas the causes of IPF are unknown. Therefore, the differences may be due to the genetic heterogeneity of different diseases.

There are only a few studies about the roles of MUC5B in lung cancer. Our study found that the MUC5B promoter polymorphism rs35705950 was significantly associated with the prognosis of patients receiving definitive radiotherapy for NSCLC. This result is biologically reasonable. Early in the year of 1996, expression of MUC5B was found to be significantly associated with a high risk of distant metastasis in patients with NSCLC [@bb0075]. The previous study also found that expression of MUC5B was apparently associated with poor OS in patients with NSCLC [@bb0080], although the expression of MUC5B was thought to be a favorable marker for the OS in EGFR mutant NSCLC [@bb0085]. The variant allele of MUC5B was related to increased expression of MUC5B [@bb0020], [@bb0090]. Therefore, the effect of the MUC5B promoter polymorphism on OS in patients with NSCLC may be through the expression of MUC5B. The MUC5B promoter polymorphism is prognostic of the OS in patients receiving radiotherapy for NSCLC and will be helpful to personalize the treatment for patients with NSCLC in the future.

The strengths of our study included relatively large sample size and comprehensive follow-up information. As far as we know, this is the first study investigating the roles of MUC5B promoter polymorphism rs35705950 on radiation-induced lung injury and OS in patients with NSCLC. Our study also had some limitations. It was retrospective, and we did not test the expression of MUC5B. Expression of MUC5B and its role in NSCLC will be analyzed in the future.

In summary, we found no significant associations between the MUC5B promoter polymorphism rs35705950 and incidence of RP. The MUC5B promoter polymorphism rs35705950 was apparently associated with OS in our studied group. We are currently validating these results with samples from patients enrolled in an ongoing prospective trial of definitive radiotherapy for NSCLC.
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![(A) Cumulative probability of grade ≥ 2 RP in 664 patients with NSCLC according to MUC5B genotypes: GG/GT versus TT. (B) Cumulative probability of grade ≥ 3 RP in 664 patients with NSCLC according to MUC5B genotypes: GG/GT versus TT. (C) Cumulative probability of OS in 664 patients with NSCLC according to MUC5B genotypes: GG/GT versus TT.](gr1){#f0005}

###### 

Patient Characteristics

  Characteristic                       All   Percentage
  ------------------------------------ ----- ------------
  Age, years                                 
   \<66 (median)                       332   50
   ≥66                                 332   50
  Sex                                        
   Male                                363   55
   Female                              301   45
  Race                                       
   White                               569   86
   Other                               95    14
  Disease stage                              
   I-IIIA                              296   41
   IIIB, IV, recurrence                333   59
  Tumor histology                            
   Adenocarcinoma                      293   44
   SCC and other                       371   56
  Karnofsky Performance Status score         
   \<80                                101   15
   ≥80                                 563   85
  Induction chemotherapy                     
   No                                  417   63
   Yes                                 247   37
  Smoking status                             
   Never                               55    8
   Former/current                      597   92
  Total radiation dose, Gy                   
   \<69.03 (median)                    328   50
   ≥69.03                              330   50
  GTV, cm^3^                                 
   \<95.2 (median)                     306   50
   ≥95.2                               305   50
  MLD, Gy                                    
   \<17.9 (median)                     320   50
   ≥17.9                               319   50
  Radiation modality                         
   Photon (X-ray)                      511   77
   Proton                              139   23
  MUCB rs35705950                            
   GG                                  517   81
   GT                                  103   16
   TT                                  15    2

###### 

Stepwise Univariate and Multivariate Cox Regression Analyses to Identify Predictors of Grade ≥ 2 RP

  Characteristics                                  Univariate Analysis (RP ≥ grade 2)   Multivariate Analysis (RP ≥ grade 2)[⁎](#tf0005){ref-type="table-fn"}                                
  ------------------------------------------------ ------------------------------------ ----------------------------------------------------------------------- ------ ------- ------------- --------
  Age (≥66 vs \<66)                                1.236                                0.964-1.585                                                             .095   1.361   1.038-1.784   .026
  Gender (male vs female)                          1.005                                0.784-1.290                                                             .966   0.882   0.673-1.155   .361
  Race (black and other vs white)                  1.053                                0.742-1.493                                                             .773   0.876   0.605-1.267   .481
  Disease stage (IIIB, IV, recurrence vs I-IIIA)   1.010                                0.782-1.303                                                             .941   0.857   0.653-1.126   .269
  Histology (SCC & other vs Adn)                   0.954                                0.743-1.224                                                             .711   0.982   0.749-1.287   .894
  KPS (≥80 vs \<80)                                0.771                                0.554-1.075                                                             .125   0.687   0.481-0.98    .038
  Concurrent chemotherapy (yes vs no)              1.102                                0.739-1.644                                                             .633   0.966   0.609-1.532   .966
  Smoking status (current/former vs never)         0.825                                0.532-1.279                                                             .39    0.769   0.474-1.248   .288
  Total dose (≥69.03 vs \<69.03 Gy)                0.799                                0.622-1.026                                                             .079   0.83    0.63-1.093    .184
  GTV (≥95.19 vs \<95.19 cm^3^)                    1.539                                1.186-1.999                                                             .001   1.299   0.977-1.726   .072
  MLD (≥17.93 vs \<17.93 Gy)                       2.08                                 1.601-2.703                                                             .001   1.883   1.402-2.528   \<.001
  Technique (proton vs 3D-CRT + IMRT)              0.932                                0.688-1.263                                                             .65    1.105   0.794-1.537   .555
  Muc5b rs35705950 (TT/GT vs GG)                   1.009                                0.728-1.399                                                             .958   0.921   0.645-1.315   .65

Abbreviations: NI, not included; KPS, Karnofsky Performance Status score; SCC, squamous cell carcinoma; 3D-CRT, 3-dimensional conformal (photon) radiation therapy; IMRT, intensity-modulated (photon) radiation therapy.

The propensity score was used for adjustments of confounders in the multivariate analysis.

###### 

Stepwise Univariate and Multivariate Cox Regression Analyses to Identify Predictors of Grade ≥ 3 RP

  Characteristics                                  Univariate Analysis (RP ≥ grade 3)   Multivariate Analysis (RP ≥ grade 3)[⁎](#tf0010){ref-type="table-fn"}                                  
  ------------------------------------------------ ------------------------------------ ----------------------------------------------------------------------- -------- ------- ------------- --------
  Age (≥66 vs \<66)                                1.545                                0.993-2.401                                                             .054     1.502   0.944-2.39    .086
  Gender (male vs female)                          1.188                                0.764-1.848                                                             .443     0.919   0.574-1.472   .726
  Race (black and other vs white)                  1.048                                0.568-1.934                                                             .881     0.74    0.388-1.411   .36
  Disease stage (IIIB, IV, recurrence vs I-IIIA)   0.779                                0.499-1.217                                                             .273     0.696   0.437-1.107   .126
  Histology (SCC & other vs Adn)                   0.968                                0.625-1.498                                                             .883     0.969   0.606-1.549   .894
  KPS (≥80 vs \<80)                                0.51                                 0.305-0.852                                                             .01      0.416   0.24-0.722    .002
  Concurrent chemotherapy (yes vs no)              1.032                                0.516-2.064                                                             .928     1.24    0.537-2.866   .614
  Smoking status (current/former vs never)         1.123                                0.489-2.580                                                             .784     0.834   0.333-2.088   .698
  Total dose (≥69.03 vs \<69.03 Gy)                0.657                                0.421-1.026                                                             .065     0.758   0.468-1.227   .26
  GTV (≥95.19 vs \<95.19 cm^3^)                    2.76                                 1.678-4.539                                                             \<.001   2.124   1.262-3.577   .005
  MLD (≥17.93vs \<17.93 Gy)                        3.922                                2.318-6.639                                                             \<.001   3.844   2.1-7.038     \<.001
  Technique (proton vs 3D-CRT + IMRT)              0.65                                 0.359-1.176                                                             .154     1.395   0.823-2.363   .216
  Muc5b rs35705950 (TT/GT vs GG)                   1.009                                0.728-1.399                                                             .958     1.614   0.92-2.831    .095

The propensity score was used for adjustments of confounders in the multivariate analysis.

###### 

Stepwise Univariate and Multivariate Cox Regression Analyses to Identify Predictors of OS in the Studied Population

  Characteristics                                  Univariate Analysis (OS)   Multivariate Analysis (OS)[⁎](#tf0015){ref-type="table-fn"}                                  
  ------------------------------------------------ -------------------------- ------------------------------------------------------------- -------- ------- ------------- --------
  Age (≥66 vs \<66)                                1.289                      1.068-1.555                                                   .008     1.219   0.993-1.497   .059
  Gender (male vs female)                          1.279                      1.058-1.547                                                   .011     1.13    0.916-1.394   .252
  Race (black and other vs white)                  1.127                      0.892-1.424                                                   .315     0.998   0.762-1.306   .986
  Disease stage (IIIB, IV, recurrence vs I-IIIA)   1.081                      0.894-1.308                                                   .422     1.1     0.897-1.35    .361
  Histology (SCC & other vs Adn)                   1.268                      1.047-1.535                                                   .015     1.175   0.953-1.449   .132
  KPS (≥80 vs \<80)                                0.72                       0.565-0.918                                                   .008     0.854   0.655-1.114   .245
  Concurrent chemotherapy (yes vs no)              0.702                      0.541-0.911                                                   .008     0.782   0.577-1.059   .112
  Smoking status (current/former vs never)         1.146                      0.807-1.627                                                   .447     1.011   0.691-1.479   .955
  Total dose (≥69.03vs \<69.03 Gy)                 0.864                      0.715-1.043                                                   .864     1.036   0.838-1.281   .744
  GTV (≥95.19 vs \<95.19 cm^3^)                    1.776                      1.454-2.169                                                   \<.001   1.633   1.323-2.016   \<.001
  MLD (≥17.93 vs \<17.93 Gy)                       1.541                      1.27-1.871                                                    \<.001   1.459   1.183-1.798   \<.001
  Technique (proton vs 3D-CRT + IMRT)              0.788                      0.611-1.016                                                   .066     0.983   0.740-1.306   .907
  Muc5b rs35705950 (TT/GT vs GG)                   1.287                      1.009-1.640                                                   .042     1.561   1.193-2.042   .001

The propensity score was used for adjustments of confounders in the multivariate analysis.
